INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with surgically altered anatomy is challenging because of the availability of many alternative techniques with good outcome for different types of reconstruction and the relatively small number of cases. A standard technique, however, has not been established. All available procedures require a surgeon with extensive experience performing ERCP in patients with normal anatomy to increase the technical and clinical success rates in patients with altered anatomy. The three main challenges in performing these procedures are how to access the afferent limb and reach the ampulla or biliopancreatoenteric anastomosis in different types of altered anatomy, how to cannulate the bile duct or pancreatic duct in the new anatomical orientation after surgery, and how to perform diagnostic and therapeutic interventions. The optimal endoscopic technique for accessing the afferent limb and reaching the biliopancreatoenteric anastomosis depends on the postoperative reconstruction type; therefore, a review of the operative records is the first step. The challenges associated with this step include limited endoscopic maneuverability caused by the angulation of the anastomosis, difficult identification of the entrance of the afferent limb, determination of how to correct endoscopic looping, and management of postoperative adhesion. Successful cannulation depends on access to the papilla, availability of endoscopic accessories, adequate expertise of the endoscopist, and effective papillary and therapeutic interventions. In this review, we discuss the advantages, disadvantages, and outcomes of procedures that are suitable in different situations and for different reconstruction types. We also discuss emerging new techniques and their outcomes.
First step: Knowledge of reconstruction types for surgically altered anatomy
An understanding of the different types of postoperative reconstruction anatomy is important to determine the easiest way to access the afferent limb and reach the target (native papilla or biliopancreatoenteric anastomosis), choose the most appropriate endoscopic technique, and prevent postoperative complications, which trend to be higher than normal anatomy. Common postoperative reconstruction procedures are shown in Figures 1-5 . One of the two major types of reconstruction is short afferent limb reconstruction with or without an intact papilla, in which the distance from the anastomosis to the native papilla or anastomosis is usually ≤ 50 cm. The success rate of access to the afferent limb is high even when performed with a conventional duodenoscope, gastroscope, pediatric colonoscope, or device-assisted enteroscope (DAE). Therefore, the major challenge lies in cannulation. The second major type of reconstruction is long afferent limb reconstruction, in which the afferent limb length may reach > 100, > 150, or even > 200 cm. This type of reconstruction is preserved for bariatric surgery to exclude the passage of food. The major challenge in this type of reconstruction is accessing the afferent limb and reaching the papilla, which has a low success rate when using a conventional endoscope.
Short afferent limb reconstruction with intact major papilla: Esophagectomy with gastric pull-up (Billroth I gastrectomy) does not involve substantial alteration of the afferent limb length; thus, ERCP can be performed with a conventional side-view duodenoscope. However, cannulation may be difficult because the anatomy is too straight and short, resulting in a very close space between the scope and papilla. Billroth II gastrectomy is a common procedure for treatment of gastric cancer and ulcer perforation. Various types of reconstruction can be performed, as shown in Figure 1 . Each reconstruction technique involves a different length of and entry site for the afferent limb. In the antiperistaltic type, the afferent limb entry site is located near the lesser curvature ( Figure 1A ). In the isoperistaltic type, the entry site is located near the greater curvature ( Figure 1B ). The length of the afferent limb is approximately 30-40 cm in both techniques. In retrocolic reconstruction, however, the afferent limb is shorter than that in antecolic reconstruction, in which the afferent limb is approximately 50-80 cm ( Figure 1C and D) . Roux-en-Y reconstruction involves a long afferent limb of approximately 40-80 cm ( Figure 1E ). Braun anastomosis is a modified operation to reduce bile reflux into the stomach, but it provides a more confusing endoscopic view of the entry site to access the afferent limb ( Figure 1F ).
Short afferent limb reconstructions with bilio-pancreatoenteric anastomosis:
Pancreaticoduodenectomy (Whipple's operation) also has various reconstruction techniques ( Figure 2 ). In the endoscopic view, the afferent limb entry site is commonly located at the 10 o'clock position relative to the gastrojejunostomy or duodenojejunostomy anastomosis. For Braun anastomosis ( Figure 2C ), the endoscopic view can involve either two-limb entry (side-to-end) or three-limb entry (side-to-side), depending on the type of anastomosis. To identify the correct afferent limb, the surgeon should follow the bile-containing limb, the scar at the anastomosis, or the direction of peristalsis or go straight to the middle entrance in Braun anastomosis [1] .
Long afferent limb reconstructions with or without major papilla: In bariatric surgery, Roux-en-Y gastric bypass (RYGB) involves a long afferent limb of > 100, > 150, or even > 200 cm ( Figure 3A ). Such patients are at risk of developing biliary complications from postoperative formation of gallstones due to rapid weight loss with low incidence of these complications (7%-8%) [2] . The therapeutic success rate of peroral endoscopic ERCP is very low (59%) using either a pediatric colonoscope or device-assisted ERCP because of adhesion formation, angulation of the jejunojejunal anastomosis, and figure-eight looping of the scope [3, 4] . New and challenging techniques in the performance of ERCP are endoscopic ultrasonography (EUS)-guided biliary drainage (EUS-BD) and laparoscopic-assisted transgastric ERCP (LA-ERCP), which have high success rates of 80%-100% [5] [6] [7] . Liver transplantation in adults is usually performed in duct-to-duct or Roux-en-Y hepaticojejunostomy reconstruction with an intact stomach. No special caution is required in duct-to-duct reconstruction because no stomach or small bowel resection is performed; however, Roux-en-Y reconstruction involves a long afferent limb, as in RYGB ( Figure 3B ).
To insert the endoscope faster and more accurately in patients after a reconstruction, one must understand the post-surgery anatomy very well.
Second step: Selection of optimal endoscope type for different types of reconstruction anatomy
Conventional duodenoscope, gastroscope, or colonoscope: The length of the afferent limb is important in selection of the endoscope. In Billroth II reconstruction with a short afferent limb, intubation is successfully achieved in most cases (62.5%-100%) with a conventional side-view duodenoscope or forward-view gastroscope with or without cap-fitting to fix the bowel wall; these should be the first-choice endoscopes ( Table 1 ). The route of intubation to reach the entry site into the afferent limb differs depending on the reconstruction technique, as previously described. A higher perforation rate is associated with use of a duodenoscope because of limited visualization, difficulty controlling the scope, and the need to apply more pressure to overcome looping. In contrast, while the forward-view endoscope provides better visualization, cannulation is difficult due to the tangential view to the papilla. In one study, the success rate increased from 88.6%-92.5% by use of a cap fitted at the tip of the scope [8] . As shown in Table 2 , Wang et al [8] and Bove et al [9] reported that the main reasons for intubation failure caused by the afferent limb are extension of the limb too far beyond the scope and the sharp angulation of the afferent limb. The success rate of gastroscopy, duodenoscopy, and colonoscopy for intubation is 84.6%, 62.5%, and 93.5%, respectively. Shah et al [10] reported a high success rate of deeper insertion by changing the patient's position to the left lateral decubitus or supine position. In Billroth II reconstruction without Braun anastomosis, the papilla can be reached in > 80% of cases by conventional duodenoscopy or gastroscopy. In Billroth II reconstruction with Braun anastomosis, however, the success rate ranges from 29%-90%, and the failure rate is increased [1, 11] . Using a conventional duodenoscope, the scope to the entry site should be at the middle entrance of the Braun anastomosis [1] . For Rouxen-Y reconstruction, entering the afferent limb of the Y anastomosis is much more difficult because of the longer afferent limb length, sharper angulation, and more severe adhesion.
The most common indications for ERCP after Whipple's operation are elimination of common bile duct (CBD) stones and resolution of anastomotic strictures [12] . Hence, the DAE is more frequently used. Moreover, the endoscopist should have a high level of experience in manipulating the scope to overcome the adhesions and angulation of the anastomosis and thus reach the afferent limb. Wu et al [13] reported a 90.5% intubation success rate using a duodenoscope with retrieval balloon-assisted enterography, which is more complicated than use of a DAE.
Device-assisted endoscopy (DAE):
A double-balloon enteroscope (DBE), singleballoon enteroscope (SBE), and rotational or spiral enteroscope (SE) can increase ERCP success rate in patients with surgically altered anatomy depending on reconstruction type, limb length, en-doscopist's familiarity, and available therapeutic accessories.
DAE-assisted ERCP provides satisfactory outcomes with an intubation success rate of 40%-100% (Tables 2-4). Table 5 compares the characteristics of each type of scope. The main objective of the balloon is to pleat the small bowel into the overtube and stabilize the scope. DBE-assisted ERCP is characterized by a long and short type comprising two separate inflatable balloons at the tip of the scope and overtube. The DBE can advance deeper into the small bowel by alternating inflation-deflation and reduction-advancement of the endoscope and overtube. The advantages are deeper insertion to the papilla (even in Roux-en-Y reconstruction and RYGB) and overcoming the sharp angulation because of the balloon at the tip, forward-view visualization, and scope stability provided by the overtube. The limitations are formation of looping because of the long length, which can soften the scope shaft; restriction of maneuverability by adhesions; limitation of orientation relative to the papilla; and lack of an elevator, making cannulation more difficult than with a conventional sideview duodenoscope. A long DBE has a 200 cm working length, which is not compatible with commercial ERCP accessories. Thus, a short DBE was developed, but the use of standard accessories for therapeutic intervention is still limited (e.g., metallic and plastic stents limited to ≤ 7 Fr) because of the 2.8-mm working channel. A short DBE with a 3.2-mm channel is now available in Japan. The overall success rate of DBE with various reconstruction types ranges from 70%-100% (Table 2 ). The short DBE insertion success rate in Billroth II gastrectomy is 90%-100% (Table 2 ). No reports have described the use of a long DBE in Billroth II reconstruction because a conventional endoscope can be successfully used in most cases ( Table 1) . The exceptions are Roux-en-Y and Braun anastomosis of Billroth II reconstruction, in which the longer afferent limb requires use of a DAE. The most successful afferent limb intubation by a DBE is achieved in Billroth II reconstruction (100%), then Whipple's procedure and total gastrectomy (95%-100%), and finally hepaticojejunostomy (80%-100%) ( Table 2 ). The lowest success is achieved in RYGB and after liver transplantation (80%-90%). A few reports have compared long-and shorttype DBEs, Itoi et al [14] reported a significant difference in the mean time to reach the papilla between long and short DBEs (64.8 ± 24.7 and 29.0 ± 19.2 min, respectively). After a long DBE has reached the ampulla, the endoscopist must change to a conventional endoscope for standard ERCP accessories. Katanuma et al [15] reported no significant difference in the insertion success rate between a long and short DBE, but insertion tended to be easier with a short DBE because of better maneuverability, application of more pressure during insertion, and greater compatibility with therapeutic accessories.
The SBE has a single inflatable balloon at the tip of the overtube, and the hookshaped tip makes it easier to pass the sharply angulated anastomosis. The principle of SBE is an alternating cycle of advancement-reduction of the scope to pleat the small bowel into the overtube and achieve deeper insertion. The success and complication rates of SBE-ERCP are shown in Table 3 . The overall success rate of SBE is 80%-100% (long, 80%-100%; short, 85%-100%). Use of a long SBE seems to be more successful in Roux-en-Y reconstruction and RYGB because of the insufficient length of the short SBE; however, Iwai et al [16] reported a higher success rate with a short than long SBE in Roux-en-Y reconstruction (92% and 84%, respectively) and no significant difference in reaching the blind end, the mean time to reaching the blind end, diagnostic success rate, therapeutic success rate, or complication rate between long and short SBEs.
A few published articles compared long and short SBEs, but no significant difference in the insertion success rate was found between the two endoscopes [17, 18] . The disadvantages of the long SBE are the long length of the scope, which is incompatible with conventional ERCP accessories. The 2.8-mm working channel also limits therapeutic intervention accessories. The short SBE is more convenient because of its easier maneuverability and its 152 cm length, which is compatible with many ERCP accessories. It larger working channel (3.2 mm) allows for use of small metallic and plastic stents, conventional wire-guided devices, and the water jet function, which is very useful to maintain the operative field and manage bleeding. The newest second-generation short SBE has a passive bending section that allows for deeper and smoother advancement; thus, the short SBE may be the first choice for ERCP in patients with altered anatomy. Additionally, a few studies have shown no significant difference in the success and complication rates between the DBE and SBE. De Koning et al [18] reported an overall ERCP success rate of 73% for DBE and 75% for SBE, with no significant difference. Katanuma and Isayama [15] also reported no significant difference between DBE and SBE insertion success rates in Billroth II reconstruction; however, the DBE tended to have a lower success rate in hepaticojejunostomy but a higher success rate in Roux-en-Y reconstruction compared with the SBE (94.7% and 85.1%, respectively). This because the SBE has a slightly softer overtube system that makes insertion into the deeper part slightly more difficult; additionally, most endoscopists are more familiar with the DBE than SBE. Abu Dayyeh [19] also noted no significant difference in the mean procedure time between the two endoscopes, but the SBE was more cost-effective and less technically demanding.
The SE is characterized by a rotating overtube for gripping and pleating the small bowel onto the endoscope and advancing the scope into the lumen. Clockwise advancement of the rotating overtube is performed while the scope is pushed in for deeper insertion. The spiral overtube provides straighter and more stable manipulation, but this stiffness may cause difficult insertion and complications in cases of severe adhesion. The overall success rate of afferent limb intubation varies widely (40%-90%) because few studies have been published (Table 4) . DBE-and SBE- assisted ERCP are more popular than SE-assisted ERCP because of greater familiarity in manipulating the scope; thus, the SE is the second choice for RYGB or Roux-en-Y reconstruction. Lennon et al [20] reported a low diagnostic success rate of only 40.0% and 48.3% for the SE and SBE, respectively, but a high therapeutic yield of 87.5% for the SE only in intubated cases and 100% for the SBE with no statistical difference in Roux-en-Y reconstruction (Table 4) . Ali et al [21] performed a large single-center study of SE-assisted ERCP in RYGB and long-limb Roux-en-Y reconstruction. The overall success rate of reaching the papilla was 86%, and the median procedure time was 189 min, but the procedures were performed by highly experienced endoscopists in a tertiary center hospital. Zouhairi et al [22] and Wagh et al [23] also reported a high SE access rate of any type of reconstruction of 76.2% and 77.0%, respectively. Clearly, SEassisted ERCP is feasible and safe, especially in RYGB and Roux-en-Y reconstruction, despite the fact that the success rate seems to be lower than that of the DBE and SBE. DBE, SBE, and SE are compared in Table 6 . In a large United States multicenter study, Shah et al [10] reported 74%, 69%, and 72% rates of successful access to the papilla or biliopancreatic anastomosis using a DBE, SBE, and SE, respectively, in long-limb Roux-en-Y reconstruction; no significant difference was found among the three endoscopes. The reasons for failure were sharp angulation and an inability to identify the afferent limb from the jejunojejunostomy anastomosis; these reasons did not depend on the scope type. Skinner et al [24] also compared the DBE, SBE, and SE success rates in various reconstructions and found the highest success rate in Billroth II reconstruction (96%) and the lowest in RYGB (80%) of any type endoscope used.
The multibending backward-oblique-viewing duodenoscope (M-D scope) and the multibending forward-viewing endoscope (M-scope) both have two bending parts to upward of distal and downward of proximal shaft to create a swan neck shape of the distal tips to facilitate an en face position of the papilla, which is beneficial for cannulation. Imazu et al [25] reported that the first M-D scope created a "look-up" view to the papilla while stabilizing the proper distance between the scope and papilla. This benefit is clear in Billroth I reconstruction, which involves a straight anatomy and close proximity to the papilla. The first-generation M-D scope is difficult to insert because of the insufficient stiffness of the scope shaft; thus, the second-generation M-D scope was developed to increase the shaft stiffness, resulting in a high overall success rate of 100% [26] . The M-D scope helps to correct the papilla position by the swan neck tip shape with an overall success rate of 100% [27] . Koo et al [26] proposed that the advantage of the M-scope for Billroth II reconstruction is that the papilla is more easily reached due to the forward view, and the success rate of papilla cannulation with a side-view endoscope with swan neck tip was 92.9%. Thus, the major advantage of the M-D scope and M-scope is obtained in cases of difficult cannulation; access to the afferent limb may be similar to other forward-view endoscopes. However, the M-D scope and M-scope are not adequate for Roux-en-Y reconstruction or pediatric patients because of their short length and poor maneuverability.
Short type SBE is very convenient and easier to control because short type does not cause much looping on insertion. It is also compatible with basic commerciallyavailable ERCP equipment that are important for treatment procedures.
Adjunctive technique to facilitate insertion into correct direction of afferent limb: [44] Conventional side-view duodenoscope Billroth II 100 100 0
Bove et al [9] Conventional side-view duodenoscope Park et al [68] Conventional side-view duodenoscope Billroth II 86.8 92.3 3.6
Wang et al [8] Conventional Cap-fitted forward-view gastroscope Billroth II 100 100 10
Lin et al [69] Forward-view gastroscope Many adjunctive techniques have been developed to enhance the success rate of intubation into the afferent limb and reach the papilla or bilioenteric or pancreatoenteric anastomosis with various endoscope types. The afferent limb can be recognized by the bile-containing limb and antiperistalsis motility. The Roux-en-Y anastomosis can be identified by scar tissue and must be crossed to enter the correct limb, and an adjunctive technique should be added to increase the insertability [16, 28, 29] . Yano et al [28] reported an 80% success rate of identifying the afferent limb in Roux-en-Y reconstruction by intraluminal indigo carmine injection in the second part of the duodenum ( Figure 4A ). Peristalsis moves the dye to the efferent limb, and slight reflux into the afferent limb allows for identification of the afferent limb. The roux limb usually has a sharp angulation, making a side-view duodenoscope difficult to use; a forward-view enteroscope is more beneficial. The bilioenteric anastomosis is always seen before the pancreatoenteric anastomosis, which is located 10 cm ahead [3] . Iwai et al [16] reported the usefulness of CO 2 insufflation at the anastomosis if radiographs confirm the scope position in the correct afferent limb and blind end expansion in the right upper quadrant. (Figure 4B ) In our experience, CO 2 insufflation is the easiest and quickest way to assess whether we are in the correct limb.
Third step: Cannulation to native papilla or biliopancreatoenteric anastomosis
Improved endoscope insertion is a major factor of the 90%-100% success rate; if insertion to the afferent limb is successful, the cannulation is always successful (Tables  1-4 ). Kato et al [30] reported a similar cannulation success rate of 60%-100% among all reconstruction types which is as same as normal anatomy patients. However, questions remain regarding how the native papilla or biliopancreatoenteric anastomosis can be identified and cannulated. The position of the native papilla in surgically altered anatomy differs greatly from that in the normal anatomy. Cannulation success rates in patients with a native papilla are lower than those in patients with a biliopancreatic anastomosis because of the sphincter muscle. Knowing the position of the working channel in the endoscopic view of each endoscope type is important to rotate the papilla into the proper en face view position; if the papilla cannot be adjusted to the proper view, cannulation may be difficult. Native papilla cannulation in Billroth II reconstruction is much more difficult because the papilla is in the reverse orientation; the forward-view endoscope thus shows a tangential, oblique, and inverted papilla. The use of a catheter oriented straight out from the working channel is better. Ishii et al [31] reported a J-turn technique that advanced the scope into the inferior duodenal angle, moving it to a retroflex position to facilitate cannulation in Roux-en-Y reconstruction with a short distance from the papilla in the tangential direction; however, caution is needed because of the risk of perforation. Okabe et al [32] proposed that a softer single-lumen catheter is suitable for the native papilla, while a stiffer double-/triple-lumen catheter is suitable for anastomosis cannulation because of the larger opening.
Other catheters, such as the sphincterotome, Soehendra Billroth II sphincterotome, and rotating-tip catheters, are used when the axis of the bile duct does not allow a straight catheter to fit. For a long DBE and long SBE, a prototype catheter, standard long catheter, or endoscopic nasobiliary drainage (ENBD) tube can be used for cannulation. The biliopancreatoenteric anastomosis is usually easy to identify and cannulate except in patients with scarring stenosis. This can be located by intermittent bile flow from the opening, but it may be more difficult to identify the pinhole-like Shah et al [10] Long SBE RYGB 73 59 12
Non-RYGB 65 61
Kurzynske et al [77] Long SBE Overall 100 88 0
Abu Dayyeh et al [19] Long SBE Overall 80.9 69.4 NA Lee et al [78] Long anastomosis is cases of stenosis. Thus, administration of contrast media followed by fluoroscopy can identify the anastomosis in about 67% of cases [33] , and CO 2 inflation can identify the anastomosis by the presence of aerobilia on radiography.
In cases of severe stricture, Tsutsumi et al [33] reported successful use of a Soehendra stent retriever for dilating the strictured anastomosis in two patients. Wang et al [8] proposed the endoscopic exchange technique when cannulation by a forward-view endoscope failed. After reaching the papilla, a guidewire was placed in the afferent limb, the forward-view endoscope was then removed, and the side-view duodenoscope was advanced over the guidewire. Itoi et al [34] also reported exchange to a side-view duodenoscope while leaving the overtube in place with a 77% clinical success rate. Although cannulation in native papillae seems to be more difficult, Osoegawa et al [35] reported no significant difference in the cannulation rate among Roux-en-Y total gastrectomy, Billroth II reconstruction, and the Whipple procedure when a DAE reached the blind end. Skinner et al [24] also reported no significant difference in the cannulation rate for native papillae and biliopancreatoenteric anastomosis (90% and 92%, respectively) or among the DBE, SBE, and SE (85%, 87% and 90%, respectively).
In another study, although a significantly higher cannulation rate was observed when using the side-view duodenoscope than the forward-view endoscope (87% and 68%, respectively), the perforation rate was lower with the forward-view endoscope [36] . In cases of difficult or failed cannulation, a rendezvous technique after percutaneous transhepatic biliary drainage (PTBD), which requires a dilated intrahepatic duct, can facilitate the cannulation. If the intrahepatic duct is not dilated, safe performance of the percutaneous transgallbladder rendezvous technique can be challenging [29, 37] . Application of a cap at the tip of the forward-view endoscope (capfitted tip) can decrease endoscope slippage from the bowel wall during reduction of looping by mucosal suction, ensuring adequate visibility when insertion is estimated to be 2 mm from the bowel wall, stabilizing the scope, and maintaining a proper distance between the scope and papilla to facilitate successful cannulation [38] . If insertion is still difficult due to looping or a long scope length, passing a biopsy forceps or guidewire into the endoscope channel can increase the stiffness and decrease the floppiness of the scope, thereby facilitating successful insertion [39] . Wang et al [40] reported that passage of a long guidewire or long retrieval balloon into the afferent limb can facilitate scope insertion with an overall therapeutic success rate of 90%.
Cannulation with a forward-view endoscope is more difficult than side-view but if you can rotate the papilla to the en face view with the endoscope working channel it will be easier. For example, a short type SBE working channel is located at 7 o'clock, so you have to position the ampulla at 7 o'clock.
Fourth step: Papillary intervention
Papillary intervention is important and performed prior to stone extraction or other therapeutic procedures. A common technique is endoscopic sphincterotomy (EST), but in cases of surgically altered anatomy, it is difficult to keep the EST knife in the proper direction and control limit size of cutting because of the reverse position of the papilla, difficult scope maneuverability, and improper accessories. Many techniques can facilitate easier EST, such as use of an S-shaped sphincterotome, rotatable sphincterotome, push-type sphincterotome, and needle-knife sphincterotomy (either free-hand or over a biliary stent). The DBE working channel is located at the 6 to 7 o'clock position, and the papilla needs to be brought to the 6 o'clock position for safe fixation. Conversely, the SBE working channel is located at 8 to 9 o'clock, making it more difficult to fix the papilla; additionally, the cutting should be directed toward 5-o'clock. If EST is too high-risk, endoscopic papillary balloon dilatation is the first option because of its low risk of bleeding and perforation. This technique is suitable for small and multiple CBD stones because of the small balloon diameter (6-8 mm) [41] . For large and multiple CBD stones, endoscopic papillary large balloon dilatation (EPLBD) (diameter, 12-18 mm) has a satisfactory success rate even when not combined with EST, and there is no significant difference in post-ERCP pancreatitis. The main reason for performing EPLBD is to avoid additional therapeutic procedures for stone extraction. The stone clearance rate by EPLBD alone is high (Table 7) ; thus, EPLBD alone and EST plus EPLBD both have a higher therapeutic success rate than EST alone. Teoh et al [42] reported equal efficacy for removal of bile duct stones between EST alone and EST followed by EPLBD, which decreased the bleeding and perforation rates in the EPLBD group. In their systematic review, Kim et al [43] found that the overall success rate was 96.5% in EST with EPLBD and 97.2% in EPLBD alone with no significant difference. EPLBD alone is effective and safe for stone removal after Billroth II reconstruction with a first-session success rate of 92.5% [44] . EPLBD can be used alone for papillary intervention to decrease EST-related complications such as bleeding and perforation, but caution is still needed because of possible post-ERCP pancreatitis.
Laser lithotripsy, electrohydraulic lithotripsy under direct cholangioscopy, and extracorporeal shockwave lithotripsy can be used to remove difficult stones. Yamauchi et al [45] reported successful peroral direct cholangioscopy (PDCS) using a short SBE with a free-hand technique, guidewire, and large balloon anchoring and deflation in Roux-en-Y anastomosis for difficult-to-treat bile duct stones. Bile duct insertion by large balloon anchoring and deflation is very useful with a bile duct diameter of > 12 mm to prevent bile duct laceration or perforation. PDCS can improve the complete stone clearance rate from 90.1%-97.6% in the transpapillary approach and from 77.3%-100% in the transanastomotic approach without severe complications [46] . Matsumoto et al [46] reported an 85.7% success rate of stone removal by PDCS with replacement of the DBE by an ultraslim endoscope and leaving the balloon overtube in place during hepaticojejunostomy anastomosis without serious complications. The detection rate of residual stones by PDCS was 41.7%. Thus, PDCS can achieve complete stone clearance and reduce the stone recurrence rate. Air embolism, which might be fatal, can be avoided by using CO 2 insufflation during the procedure.
One study of the treatment of stones in hepaticojejunostomy between percutaneous transhepatic cholangioscopy (PTCS) and PDCS using a short DBE showed that the 1-, 2-, and 3-year stone-free rates were 100%, 73%, and 64% for PTCS and 85%, 65%, and 59% for PDCS, respectively; however, PDCS had a lower adverse event rate (10% vs 45% in PTCS) [47] . PDCS has a lower infection rate and less hemobilia, biloma formation, and pain; additionally, the incidence of pancreatitis is very low (0.0%-8.3%). PTCS is a more difficult technique because of the anatomy of the hepatic confluence and contraindications in patients with ascites and coagulopathy.
The rate of postoperative bilioenteric anastomosis stricture can reach 12.5% at 2 years [48] , and the rate of hepaticojejunostomy anastomosis stenosis can reach 3%-4% at 2.3-4.1 years after conventional pancreaticoduodenectomy or pylorus-preserving pancreaticoduodenectomy [31] Endoscopic balloon dilatation for this benign anastomosis stricture is an important and challenging procedure. Mizukawa et al [49] reported that the 1-, 2-, and 3-year cumulative anastomosis patency rates after endoscopic balloon dilatation (6-8 mm) by a short DBE were 73%, 55%, and 49%, respectively, which do not represent a good outcome despite a high technical success rate (100%); however, it is difficult to predict which patients will develop a recurrent stenosis. Tsutsumi et al [33] also reported successful dilation of severe bilioenteric anastomosis stricture by a 7-Fr Soehendra stent retriever over the guidewire by a short DBE. The Soehendra stent retriever can dilate severe and tight strictures over the guidewire, and a dilation catheter can subsequently pass and achieve sufficient dilation. Kamei et al [48] reported treatment of hepaticojejunostomy anastomosis stricture following living-donor liver transplantation by balloon dilatation with a DBE, and the success rate was 78%. Compared to percutaneous dilatation and stent placement, the success rate was 72%-80%, which is similar to endoscopic treatment and a highly effective short-term outcome. For pancreaticojejunostomy anastomosis following Whipple's operation, pancreatitis usually occurs if a stenosis is present. Transient edema can occur after dilation but can be corrected by applying a 5-to 10-Fr pancreatic duct stent. [10] RYGB, hepaticojejunostomy, post-gastrectomy and Whipple 74% 69% 72% 71% 0.722
Skinner et al [24] RYGB, Whipple, hepaticojejunostomy and Billroth II 89% 82% 72% 74% NA Lennon et al [20] Roux-en-Y reconstruction NA 100% 87.5% 93.8% 1
Shah et al [83] Long-limb surgical bypass 74% 69% 72% 71% 0.887 DBE: Double balloon enteroscope; SBE: Single balloon enteroscope; SE: Spiral enteroscope; RYGB: Roux-en-Y gastric bypass.
Endoscopic treatment of malignant biliary obstruction in patients with surgically altered anatomy is much more difficult. Yamauchi et al [50] reported a 100% technical success rate and 92% functional success rate with placement of an 8.5-Fr uncovered self-expandable metal stent (SEMS) for malignant biliary obstruction in altered anatomy by a short SBE, and the median time to recurrence of obstruction was 247 days. Comparison of the patency of metallic stent types showed that recurrent obstruction was longer in covered metallic stents [51] . Direct cholangioscopy has an important role in clinical investigation, and tissue biopsy of intraductal biliary carcinoma by DBE was reportedly successful after choledochojejunostomy [52] . Lenze et al [52] compared the rate of treatment failure between malignant obstruction and benign stricture in patients with altered anatomy by an SBE and found that malignant biliary obstruction had a significantly higher failure rate than benign stricture (84.2% and 14.2%, respectively). Cases of failure can be successfully treated by PTCS and surgical intervention. Thus, malignant obstruction can be successfully treated by endoscopic SEMS placement with effective short-term outcomes and a longer time to recurrence of obstruction using covered type SEMS [50, 53] . EST plus EPLBD has a stone clearance rate and less complications, such as perforation or bleeding, and this intervention is not much more difficult to perform once you can cannulate the bile duct. PDCS is useful in cases with difficult-to-treat bile duct stones because it can detect retained stones in real time. However, this procedure requires advanced endoscopy skills.
Recently advanced techniques for ERCP in surgically altered anatomy:
The difficulty of performing ERCP in altered anatomy, especially with a very long limb as in RYGB and Roux-enY reconstruction, has resulted in the adaptation and development of many endoscopic and surgical techniques. Failed cases of DAE-assisted ERCP are treated by PTBD, which has a high risk of skin infection, pain, difficult home care, decreased quality of life, and impaired enterohepatic bile circulation. Many publications have described EUS-guided ERCP, endoscopic gastropexy or gastrostomy ERCP, and LA-ERCP ( Figure 5 ) [54] [55] [56] [57] . Three main access techniques are used in EUS-guided biliary-pancreatic ERCP or interventions in patients with altered anatomy: the EUS-guided rendezvous technique, EUS-guided anterograde drainage, and EUS-guided transmural drainage. Good outcomes are attained by experienced surgeons in high-volume centers [54] . Because a high level of technical experience is required, EUS-guided ERCP should be reserved for patients with long (> 100 cm) or very long (> 150 cm) limbs for which conventional or DAE-assisted ERCP has failed. The anterograde or rendezvous technique may be initiated in patients with bile duct stones and failed cannulation to the native papilla or a strictured biliopancreatoenteric anastomosis. Table 8 summarizes the efficacy of EUS-guided ERCP and shows a high technical success rate of 75%-100% and high clinical success rate of 70%-100% with a complication rate of 10%-20%, but the complications can be managed conservatively.
Ngamruengphong et al [55] reported EUS-guided creation of a transgastric fistula from the gastric pouch or jejunum to the excluded stomach in RYGB followed by use of lumen-apposing metal stents (LAMSs). A conventional duodenoscope could then be advanced perorally via this stent. After successful ERCP, the stent was removed and the fistula was closed by over-the-scope clips or endoscopic suturing. A point of caution in this technique is the risk of perforation due to stent dislodgment into the abdominal wall and patency of the transgastric fistula with weight regain. The authors reported technical and clinical success rates of 100%, and the fistula closed in 92% of cases by endoscopic procedures without weight regain. LAMS dislodgement occurred in two patients and was managed by stent repositioning.
Hosmer et al [57] also reported a 100% technical success rate of EUS-guided hepaticogastrostomy (EUS-HGS) with antegrade clearance of bile duct stones in Rouxen-Y reconstruction, which is more suitable when urgent drainage is needed because Choi et al [84] 26 End-view and sideview endoscope EST + EPLBD 76.9 100 0
Itoi et al [85] 11 End-view endoscope EST + EPLBD 100 100 0
Lee et al [86] 13 Cap-fitted forwardview endoscope EPBD 66.6 100 23
Cheng et al [71] 77 DBE EPLBD 75 100 4
Jang et al [44] 40 Side-view endoscope EPLBD 92.5 100 15
EST: Endoscopic sphincterotomy; EPLBD: Endoscopic papillary large balloon dilatation.
of a single session, with no risk of stent dislodgment and no risk of patent fistula induced by weight regain. A retrospective review from four academic centers reported a 72% clinical success rate of EUS-guided antegrade bile duct stone removal in patients with altered anatomy; failure was due to insufficient bile duct dilatation. This EUS-guided antegrade procedure can be performed in the same session, while PTBD must be performed in two sessions by a radiologist and endoscopist [58] . EUSguided antegrade removal of bile duct stones seems to be the first option for small bile duct stones, while DAE-assisted ERCP should be used for large bile duct stones if possible. Compared with the EUS-rendezvous technique, this may be easier and faster because the endoscope does not need to pass the long afferent limb for papillary intervention. Iwashita et al [58] suggested that puncture from segment 2 allows for easier manipulation of the guidewire and pushing of the balloon to treat bile duct stones because the segment 2 route to the ampulla is relatively straighter than the segment 3 route. However, the segment 2 route causes transesophageal puncture, which might introduce bile leakage into the thorax. Segment 3 puncture may therefore be safer despite the fact that the guidewire passage is slightly more difficult. EUS-HGS can resolve a benign bilioenteric anastomosis stricture with antegrade dilatation of the anastomosis with technical and clinical success rates of 100% but a dilatation success rate of only 57% because of failure to pass the guidewire through the strictured part. However, the clinical success rate can be increased to 100% by persistent hepaticogastrostomy [59] . This EUS-HGS dilatation is suitable when transpapillary access is impossible.
In malignant obstruction, EUS-guided transmural drainage is preferred because the procedure can be repeated with a conventional endoscope. Iwashita et al [60] reported a 95% clinical and technical success rate of EUS-guided antegrade biliary stenting by an uncovered metal stent for malignant obstruction in surgically altered anatomy with a 20% rate of adverse events that could be resolved by conservative management. Surgical bypass and EUS-guided drainage for malignant distal biliary obstruction show no differences in technical success, clinical success, quality of life, or survival [54] . Khashab et al [61] found that EUS-BD had a significantly higher technical success rate than DAE-assisted ERCP in patients with surgically altered upper gastrointestinal anatomy (98.0% and 65.3%, respectively). Clinical success was significantly higher in EUS-BD than ERCP (88.0% and 59.1%, respectively). EUS-BD was not dependent on the length of the surgical limb and allowed placement of larger metallic stents than DAE-assisted ERCP.
An international multicenter study compared EUS-guided gastrogastrostomyassisted ERCP with LAMSs and enteroscopy-assisted ERCP in RYGB and found that the technical success rate was superior in EUS-guided gastrogastrostomy-assisted ERCP (100% vs 60%) with similar adverse event rates [62] . In a rare report of pancreatic duct drainage (PDD) by EUS, Chen et al [63] found that EUS-guided PDD had a significantly higher technical success rate than ERP after Whipple's operation (92.5% and 20.0%, respectively). Although EUS-PDD had a higher adverse event rate than ERP (35.0% and 2.9%, respectively), all complications were successfully managed conservatively. Another proposed EUS technique is EUS-guided gastropexy, which has the advantages of a single procedural session and no need to wait for maturation of the gastrostomy or fistula because of performance of gastropexy. This technique may be suitable for urgent situations [64] . The EUS-HGS is a rescue procedure when you cannot access the papilla by other techniques, but it requires advance endoscopic skill. Puncturing on intrahepatic bile duct in segment 3 is safer compared to segment 2 because the working area is far from the esophagus and the thoracic cavity, but the down side is the difficulty in passing the guide wire due to the angulation.
LA-ERCP has important roles in long-limb reconstruction (> 150 or > 200 cm) or failed DAE-assisted ERCP and EUS-guided ERCP. The LA-ERCP procedure starts by placing standard laparoscopic ports in three to four locations and connecting a hanging suture from the anterior wall of the greater curvature to the abdominal wall, then creating a gastrostomy between this suture. A 15-to 18-mm port is placed in the gastronomy site, and ERCP is performed by a conventional side-view duodenoscope via this port. After completion of the procedure, the port is removed and the defect is closed by a suture or stapler ( Figure 5E ). LA-ERCP is the first choice in patients with long limbs who require concomitant cholecystectomy in some institutions because standard RYGB does not include concomitant cholecystectomy in all cases due to the low incidence (only 7%-8%) of gallstone symptoms from postoperative rapid weight loss [2] . Table 9 shows that the laparoscopic and endoscopic procedure in LA-ERCP has a high success rate of 90%-100%, while the laparoscopic complication rate (e.g., port size infection and hernia) widely ranges from 1%-20%, and the endoscopic complication rate (e.g., bleeding and pancreatitis) ranges from 1%-8%. Schreiner et al [3] reported that LA-ERCP had a higher papilla identification rate, cannulation rate, and therapeutic success rate when compared with DAE-assisted ERCP (100% vs 72%, 100% vs 59%, and 100% vs 59%, respectively) because a limb length of > 150 cm is associated with a high failure rate of DAE-assisted ERCP. Thus, LA-ERCP is suitable in cases involving concomitant cholecystectomy, urgency, long-limb reconstruction, and failure of other ERCP techniques. Hosmer et al [57] EUS-guided HGS 9 One 100 NA 11
Iwashita et al [58] EUS Imai et al [56] EUS Limitations of LA-ERCP include the need for coordination among the surgeons, anesthesiologists, and operative room and the high risk of operative complications. As shown in Table 9 , however, this is a highly successful procedure with few complications that can be managed conservatively. In this laparoscopic technique, the endoscope is more difficult to manipulate via the port because the shaft is outside the patient. Hence, the laparoscopic port in gastrostomy should be inserted pointing toward the pylorus [65] . Gastrostomy closure after ERCP is not complicated; sutures or surgical staples can be used without leakage. Unplanned events and complications such as bleeding and incomplete stone removal require repeating LA-ERCP without retaining the previous gastrostomy tube, making the procedure much more difficult because of adhesions from the previous operation.
Transgastric ERCP in RYGB involves the performance of ERCP by a conventional side-view duodenoscope through the gastrostomy tract. The access route to the excluded stomach may involve percutaneous, endoscopic, or surgical (laparoscopic or open) placement of the gastrostomy. Banerjee et al [66] reported a 100% gastric access rate and 98.5% duct cannulation rate with a 14.0% adverse event rate compared with a 60%-70% success rate of DAE-assisted ERCP. This can be performed in one or two stages by waiting for gastrostomy tract maturation and upsizing for 4 to 6 wk to avoid perforation, bleeding, or dislodgment of the gastrostomy tube. Therefore, this technique is suitable in patients with large stones requiring a large sphincterotomy or additional intervention through a conventional duodenoscope, while DAE-assisted ERCP requires only a single stage and can be advantageous in more urgent cases. Table 10 summarizes the efficacy of ERCP methods, including DAE-assisted, EUSguide biliary access, and LA-ERCP, in patients with surgically altered anatomy to help endoscopists decide method of choice.
CONCLUSION
ERCP in patients with surgically altered anatomy requires high technical expertise and familiarity with the endoscope. An understanding of the type of surgery, length of the afferent limb, type of endoscope used with choice of proper approach (peroral or transgastric), and compatible ERCP accessories with various endoscopic types are the keys to success. A conventional endoscope and DAE-assisted ERCP are recommended for short-limb reconstruction with/without a native papilla, while DAE-assisted ERCP, EUS-guided ERCP, and especially LA-ERCP are highly recommended for long-limb reconstruction, such as RYGB with concomitant cholecystectomy. [7] 16 100 94 31 One 3.7 0 7.6
Snauwaert et al [2] 23 91.3 100 56.5 One 2.8 0 0
Paranandi et al [65] 7 100 100 0 One 2 1 1
Abbas et al [6] 579 98 98 21 One 2 10 7
Schreiner et al [3] 24 100 100 0 One 1.67 8.3 NA Bowman et al [5] 11 100 100 0 One 3.4 18.2 0
Saleem et al [54] 15 100 100 0 One 2 0 0 ERCP: Endoscopic retrograde cholangiopancreatography. 
